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(57)Abstract 

PROBLEM TO BE SOLVED: To manufacture a steering rack steel superior in bendability at a low cost 
SOLUTION: A raw steel for the steering rack steel includes 0.40-0.60% C, 0.05-0.50% Si, 0.05-1.50% Mn, 0.004-0.100% S, 
further 1.5% or less Cr. 0.0005-0.10% Al. 0.002-0.020% N, as other elements, and the balance Fe with unavoidable 
impurities. The method for manufacturing the steering rack steel comprises rolling the above raw steel t heating the 
obtained steel bar at 820° C or higher, cooling it in a controlled condition, and tempering it at 680° C or higher in a short 
period of 20 minutes or less, to make the part of D/4 deep (D indicates a diameter of the steel bar) from the surface of 
the bar, to be a tempered bainitic structure and a tempered martensite structure occupying 20-100% (area percentage), 
and be a reproduced perlite structure occupying 0-50% (area percentage), by total area. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



tClaim(s)] 

[Claim 1] C:0.40 - 0.60% (it is the same the following which means mass %), Si:0.05-0.50%, Mn:0.05-1.50%. and S:0.004 - 
0.100% are contained. As an element of further others Cr. Less than [ 1.5% ] (0% is not included), aluminum:0.0005-0.10%, It 
is the steel bar with which at least one sort of elements chosen from the group which consists of N:0.002 - 0.020% are 
contained, and the remainder consists of Fe and an unescapable impurity. And by hardening and short-time annealing 
hardening / tempering organization of the parts of the front face of a steel bar to depth D / 4 (D shows the diameter of a 
steel bar) — the following — the steel for steering racks excellent in the bending property currently adjusted like 1 and 2. 

1) A tempering bainite texture and tempering martensitic structure are the sum totals, and it is 20 - 100% (area 
percentage). 

2) A playback pearlite organization is 0 - 50% (area percentage). 

[Claim 2] Steel for steering racks according to claim 1 which is what is independent or contains further B:0.0005 - 0.0020% 
with Ti:0.005-O.05O%. 

[Claim 3] C:0.40 - 0.60% (it is the same the following which means mass %), Si:0.05-0.50%, Mn:0.O5-1.5O%, and S:0.004 - 
0.100% are contained. As an element of further others Cr Less than [ 1.5% ] (0% is not included), aluminum:0.0005-O.1O%. 
And at least one sort of elements chosen from the group which consists of N:0.002 - 0.020% are contained. The remainder 
rolls out the steel materials which consist of Fe and an unescapable impurity, and the steel bar obtained is heated in 
temperature of 820 degrees C or more. By putting into the furnace heated to ambient temperature with a temperature of 
680 degrees C or more, performing short-time tempering processing for 20 or less minutes, and carrying out air cooling to 
a room temperature, after carrying out controlled cooling to a room temperature with water cooling The parts of depth D / 
4 (D shows the diameter of a steel bar) are made for a tempering bainite texture and tempering martensitic structure to 
become 20 - 100% (area percentage) from the front face of a steel bar in total. And the manufacture approach of the steel 
for steering racks excellent in the bending property from which the playback pearlite organization was made to become 0 - 
50% (area percentage). 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a steel bar useful although the rack (steering rack) used for the steering 

gear of an automobile is manufactured, and its manufacture approach. 

[0002] 

[Description of the Prior Art] A steering is equipment which controls the direction of an automobile, and since it will cause 
serious accident if the function is lost, it is specified as the important Safety Department article. Especially, since the 
steering rack also has the skeleton-role, not to roughly even if a big impact load acts like, when an automobile runs 

aground to a curbstone is desired. Therefore, an impact property-proof with the expensive steel materials for steering 
racks and bending deformability (cracking resistance) are called for. Furthermore, the steering rack has the tooth-form 
section (rack) for gearing with a pinion. As for this tooth form section, abrasion resistance is required. 
[0003] In order to fill the above-mentioned demand, a steering rack is usually manufactured from medium carbon steel. 
That is. after rolling out medium carbon steel and carrying out hardening tempering processing of the obtained steel bar, 
the steering rack is manufactured by forming and carrying out induction hardening of the tooth-form section (rack) by 
cutting. The medium carbon steel which carried out hardening tempering processing has a high impact property-proof and 
bending deformability. Moreover, since medium carbon steel also has the induction-heat-treatment hardening property, it 
can also raise the abrasion resistance of the tooth form section (rack). 

[0004] However, generally, after heating said hardening tempering processing at a hardening furnace, it carries out water 
cooling, it is performed by performing tempering processing at the temperature of 600 degrees C for about 2 hours, and 
productivity is low and has become high cost Although it is possible to shorten tempering time amount in order to cut 
down the cost, if tempering time amount is shortened, softening [ of a steel bar ] will become inadequate, the machinability 
of the tooth form section (rack) will fall, and the effectiveness of a cost cut will be offset. In addition, in order to perform 
cutting, to be Vickers hardness number, for example, to be 305 or less HV is demanded. 

[0005] On the other hand, there is also invention which has proposed non-temper-ization of steel for a cost cut For 
example, invention given in JP,10-8189,A In the components to which induction hardening processings, such as a steering 
rack, are performed It is making to prevent fracture by carrying out bending deformation, without producing brittleness- 
fracture, even if an excessive load acts on components into the technical problem. In order to aim at reduction of a 
manufacturing cost furthermore, while omitting the hardening tempering processing currently carried out from the former, 
even if it omits these hardening tempering processing, it is making to acquire an equivalent strength property into the 
technical problem. And in this invention, in order to solve said technical problem, while improving the bending property of 
the induction hardening processing section by adding B to steel, when it sets the effective depth of the induction 
hardening section to t and a components radius is set to r, reinforcement is raised by making t/r or more into 0.3. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention is made paying attention to the above situations, and the 
purpose is in providing with the useful steel for steering racks, and its manufacture approach manufacturing the steering 
rack which is extremely excellent in a bending property, though it is low cost. 
[0007] 

[Means for Solving the Problem] this invention persons aimed at carrying out tempering time amount at the time of 
annealing, after rolling out and hardening medium carbon steel in 20 or less minutes in order to attain the technical 
problem of said low cost, and — such short tempering time amount — cutting ability — being maintainable (there being 
nothing phase murder about the effectiveness of a cost cut) — if tempering temperature is made into 680 degrees C or 
more as a result of repeating research wholeheartedly about the manufacture conditions which can also raise the bending 
property after carrying out high-frequency induction heating — tempering time amount — a short time (20 or less 
minutes) — even if — When performing short-time tempering processing moreover and the organization of steel was 
controlled [ that hardness can be reduced even to extent in which cutting is possible (to for example, 305 or less HV 
extent), and ]. it discovered that the bending property when processing steel into a steering rack could be raised. Namely, 
while introducing a bainite texture and martensitic structure more than 20% (area percentage) in total by adding Mn to said 
medium carbon steel, and carrying out controlled cooling at the time of hardening So that the area of the sum total of a 
tempering bainite texture and tempering martensitic structure may not turn around 20% the bottom in the case of 
annealing of said short time And if it anneals so that a playback pearlite organization may not exceed 50% (area 
percentage) The obtained steel (steel bar) Cutting, when it carries out induction hardening and a steering rack is 
manufactured, For example, although a crack goes into the induction hardening section formed in the surface section of a 
steering rack even if it performs about 150-degree very big bending Boundary [usual with the part by which induction 
hardening was not carried out to the induction hardening section, and below partial; of the front face of a steel bar to 
depth D / 4 (D shows the diameter of a steel bar) It discovered that propagation of a crack could be prevented by said 
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tempering bainite texture and tempering martensitic structure which remain in] which may only call said parts of depth D / 
4 the D/4 section, and it could prevent that the steering rack itself breaks. 
[0008] It is as follows when the above thing is explained based on data. 

[0009] It is the graph which shows the relation between the temperature of a furnace in case drawing 1 anneals a steel bar 
for 20 minutes including a temperature up process, and the hardness of the D/4 section of the steel bar after annealing 
about machinability. 1) Drawing 2 It is the electron microscope photograph of the D/4 section after performing annealing 
for 20 minutes at the temperature of 750 degrees C, and drawing 3 is the electron microscope photograph of the D/4 
section after performing hardening / tempering processing (for the temperature of 600 degrees C, and 120 minutes) on 
condition that the former. If temperature of a furnace is made into 680 degrees C or more even if it shortens tempering 
time amount in 20 minutes so that more clearly than drawing 1 , hardness of a steel bar can be made into 305 or less HV 
extent, and the fall of machinability can be prevented. In order that the temperature of a steel bar may go up, the 
circumference of carbide austenitizes that short-time annealing can also reduce the hardness of a steel bar, and it is 
presumed because balling-up of carbide is promoted (refer to drawing 2 and drawing 3 ). 

[0010] 2) After the bending property carried out the drawing of the steel bar after annealing (diameter of 30mm) to the 
diameter of 27.5mm about the bending property, performing a bending test about what performed and carried out induction 
heat treatment of the tooth-form cutting (steering rack) estimated. In the bending test, by the three-point bending test 
(distance between the supporting points of 400mm), the dental opposite side was pressed, bending with an include angle of 
150 degrees was performed, and the existence of a crack was observed visually. By this trial, in addition, with "those with 
a crack (it writes by x mark among the following table 1)" Only not only in the induction hardening section (part from the 
front face of a steel bar to D / 4 section extent) It means that the crack has spread to the part by which induction 
hardening is not carried out (from a part deeper than the D/4 section to near a core), and means having not spread to 
near a core, even if there is no crack completely with "he having no crack (it writing by O mark among the following table 
1)" or there is a crack. The relation between the organization of the D/4 section of the steel bar after annealing and the 
bending test result of the steering rack obtained from this steel bar is shown in Table 1. In addition, the bending test was 
similarly performed about the steering rack obtained by omitting hardening annealing according to the approach of a 
publication to said JP.10-8189.A. This result is also collectively shown in Table 1. 
[0011] 
[Table 1] 



No. 






an rf tastes* 






1 






o% 


o 


2 


0% 


o% 


X 


3 


35% 


0% 


O 


4 


60% 


096 


O 


5 


359* 


25% 


O 


6 


35% 


50% 


o 


7 


35% 


60% 


X 


8 




o% 




X 



[0012] Since propagation of the crack from the induction hardening section can be prevented to a steering rack breaking if 
the area percentage (it may be hereafter written as a B+M percentage) of the sum total of the tempering bainite texture of 
the D/4 section and tempering martensitic structure is 0% (No.2) if a B+M percentage is 20% or more so that more clearly 
than Table 1, the crack of the steering rack itself can be prevented (No.1, 3-6). In addition, by short-time annealing, as 
mentioned above, since it is annealing at the elevated temperature with a temperature of 680 degrees C or more, even if it 
introduces a bainite texture and martensitic structure by controlled cooling, after annealing is the organization which the 
carbide which spheroidized distributed (refer to above-mentioned drawing 2 ). However, even if it is the tempering bainite 
texture and tempering martensitic structure which spheroidized, the effectiveness which controls propagation of a crack is 
not spoiled at all. 

[0013] it is important to make it the rate of a playback pearlite organization not become large too much by short-time 
tempering processing furthermore (for example, the thing for which tempering temperature is not made high too much — 
or a rebirth of a pearlite organization can be controlled by making tempering time amount still shorter than 20 minutes). If 
it exceeds 50% (area percentage), bending property sufficient as for 20% or more is not [ even if / a B+M percentage ] 
securable, since an organization is coarse and a playback pearlite is deficient in it to toughness (No.7 of Table 1). 
[0014] In addition, in an electron micrograph, a playback pearlite organization, a tempering bainite texture, and tempering 
martensitic structure are the followings, and are made and identified. Drawing 4 is an electron microscope photograph in 
which an example of the steel bar with which the playback pearlite organization was formed is shown. Most lamellar 
organizations of a playback pearlite are not divided so that clearly from this drawing 4 . The lamellar organization of a 
playback pearlite is not divided for generating a pearlite organization by carrying out air cooling of the austenite produced 
at the time of short-time (elevated temperature) annealing. On the other hand, the pearlite organization which suited 
before annealing is divided by heating at the time of annealing. Therefore, a playback pearlite organization (pearlite 
organization which is not divided) can distinguish from the pearlite organization which existed from before annealing easily. 
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[0015] Moreover, tempering organizations other than a ferrite and a pearlite organization (iamellar organization) are made 
into a tempering bainite texture and tempering martensitic structure. That is, although it is difficult to distinguish a 
tempering bainite texture and tempering martensitic structure, it can ask for a B+M percentage by measuring the area of 
tempering organizations other than a ferrite and a pearlite organization (lamellar organization). 

[0016] This invention is made based on the above knowledge. With namely, the steel for steering racks excellent in the 
bending property of this invention that the above-mentioned purpose could be attained C:0.40 - 0.60% (it is the same the 
following which means mass %). Si:0.05-0.50%. Mn:0.05-1.50%, and S:0.004 - 0.100% are contained. As an element of further 
others Or. Less than [ 1.5% ] (0% is not included). aluminum:0.0005-0.10%. It is the steel bar with which at least one sort of 
elements chosen from the group which consists of N:0.002 - 0.020% are contained, and the remainder consists of Fe and 
an unescapable impurity. And by hardening and short-time annealing hardening / tempering organization of the parts of the 
front face of a steel bar to depth D / 4 (D shows the diameter of a steel bar) — the following — it has a summary at the 
point currently adjusted like 1 and 2. 

[0017] 1) A tempering bainite texture and tempering martensitic structure are the sum totals, and it is 20 - 100% (area 
percentage). 

2) A playback pearlite organization is 0 - 50% (area percentage). 

Said steel for steering racks may be independent or may contain further B:0.0005 - 0.0020% with Ti:0.005-0.050%. 
[0018] With moreover, the manufacture approach of the steel for steering racks excellent in the bending property 
concerning this invention C:0.40 - 0.60% (it is the same the following which means mass %), Si:0.05~0.50%, Mn:0.05-1.50%, 
and S:0.004 - 0.100% are contained. As an element of further others Cr Less than [ 1.5% ] (0% is not included), 
aluminum:0.0005-0.10%, And at least one sort of elements chosen from the group which consists of N:0.002 - 0.020% are 
contained. The remainder rolls out the steel materials which consist of Fe and an unescapable impurity, and the steel bar 
obtained is heated in temperature of 820 degrees C or more. By putting into the furnace heated to ambient temperature 
with a temperature of 680 degrees C or more, performing short-time tempering processing for 20 or less minutes, and 
carrying out air cooling to a room temperature, after carrying out controlled cooling to a room temperature with water 
cooling The parts of depth D / 4 (D shows the diameter of a steel bar) are made for a tempering bainite texture and 
tempering martensitic structure to become 20 - 100% (area percentage) from the front face of a steel bar in total. And it 
has a summary at the point of making a playback pearlite organization become 0 - 50% (area percentage). 
[0019] In addition, below, in this specification, the vocabulary "hardening" means hardening at the time of hardening and 
annealing of the steel bar after rolling, and it is used for it in distinction from the vocabulary "induction hardening." 
[0020] 

[Embodiment of the Invention] In this invention, C:0.40 - 0.60% (it is the same the following which means mass %), Si:0.05- 
0.50%, Mn:0.05-1.50%, and S:0.004 - 0.100% are contained. As an element of further others Cr: Use the steel materials 
containing at least one sort of elements chosen from the group which consists of less than [ 1.5% ] (0% is not included). 
aluminum:0.0005-0.10%, and N:0.002 - 0.020% (steel materials 1 are called hereafter). In addition, the remainders are Fe and 
an unescapable impurity. The reason for limitation of the above-mentioned component is as follows. 
[0021] The content of C is made into 0.40% or more for giving a radio-frequency-curing property to steel materials, and 
raising the abrasion resistance of the tooth form section (rack section) of the steering rack obtained. Especially the 
content of desirable C is 0.48% or more 0.45% or more. However, if there are too many contents of C, the impact property- 
proof of a steering rack will fall, and it will become easy to produce a quench crack at the time of induction heat 
treatment. Therefore, the content of C is preferably made 0.53% or less still more preferably 0.55% or less 0.60% or less. 
[0022] The content of Si is made into 0.05% or more for deoxidizing steel materials. Especially the content of desirable Si 
is 0.20% or more 0.15% or more. However, if there are too many contents of Si, the machinability at the time of forming the 
tooth form section (rack section) will fall. Therefore, the content of Si is preferably made 0.30% or less still more preferably 
0.35% or less 0.50% or less. 

[0023] The content of Mn is made into 0.05% or more by making a bainite texture easy to raise hardenability and to 
introduce for raising the bending property when processing steel materials into a steering rack in order to raise the 
reinforcement of steel materials. Especially the content of desirable Mn is 0.80% or more 0.70% or more. However, if there 
are too many contents of Mn, it will burn at the time of induction heat treatment, and will become easy to produce a crack. 
Therefore, the content of Mn is preferably made 1.20% or less still more preferably 1.30% or less 1.50% or less. 
[0024] The content of S is made into 0.004% or more for raising the machinability at the time of forming the tooth form 
section (rack section). Especially the desirable content of S is 0.050% or more 0.040% or more. However, if there are too 
many contents of S, the bending property when processing steel materials into a steering rack will fall. Therefore, the 
content of S is preferably made 0.070% or less still more preferably 0.080% or less 0.100% or less. 

[0025] It is for on a hardening disposition to make Cr contain. Although especially the minimum of the content of Cr is 
limited and there is, it is about 0.15% preferably [ it is desirable and ] to about 0.10% and a pan about 0.05%, for example. 
[ no ] However, if there are too many contents of Cr, it will become easy to produce a quench crack at the time of 
induction heat treatment, therefore, the content of Cr — for example, it is preferably made to 0.50% or less still more 
preferably 1.0% or less 1.5% or less. 

[0026] It is for making detailed the austenite grain at the time of induction heat treatment by combining with N and making 
AIN form to make aluminum contain, the content of aluminum — for example, it is 0.020% or more still more preferably 
0.010% or more preferably 0.0005% or more. However, the effectiveness is saturated even if it makes [ many ] the content 
of aluminum too much, therefore, the content of aluminum — for example, it is preferably made to 0.040% or less still more 
preferably 0.050% or less 0.10% or less. 

[0027] It is for making detailed the austenite grain at the time of induction heat treatment by combining with aluminum and 
making AIN form to make N contain, the content of N — for example, it is 0.004% or more still more preferably 0.003% or 
more preferably 0.002% or more. However, the effectiveness is saturated even if it makes [ many ] the content of N too 
much, therefore, the content of N — for example, it is preferably made to 0.007% or less still more preferably 0.010% or 
less 0.020% or less. 
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[0028] Said steel materials 1 may be independent or may contain further B:0.0005 - 0.0020% with Ti:O.005-O.050% (steel 
materials 2 are called hereafter). 

[0029] It is for raising induction hardening nature to make B contain, the content of B — for example, it is 0.0015% or more 
still more preferably 0.0010% or more preferably 0.0005% or more. However, the effectiveness is saturated even if it makes 
[ many ] the content of B too much. Therefore, the content of B is preferably made 0.0017% or less 0.0020% or less, for 
example. 

[0030] Ti is used together with B by being connected with N in steel and forming TiN for controlling generation of BN and 
securing the induction hardening disposition top effectiveness by B. the content of Ti — for example, it is 0.020% or more 
still more preferably 0.015% or more preferably 0.002% or more. However, if the content of Ti is made [ many ] too much, 
the toughness and fatigue strength of a steering rack will fall, therefore, the content of Ti — for example, it is preferably 
made to 0.035% or less still more preferably 0.040% or less 0.050% or less. 

[0031] In this invention, it is made the steel bar by rolling out said steel materials 1-2. although especially the diameter of 
the steel bar obtained is not limited, if it takes into consideration processing it into a steering rack — usually — it is about 
25-35mm still more preferably about 23-38mm preferably about 20-40mm. 

[0032] The obtained steel bar is hardened by heating in temperature of 820 degrees C or more, and carrying out controlled 
cooling to a room temperature with water cooling. By this hardening actuation, martensitic structure can be introduced 
into a steel bar a bainite texture and if needed. If a bainite texture and martensitic structure are introduced, by controlling 
the conditions of the below-mentioned tempering processing appropriately, a tempering bainite texture and tempering 
martensitic structure can be made to be able to remain, and the bending property when processing it into a steering rack 
can be raised. In addition, even if it anneals the steel of the organization of only a ferrite and a pearlite, an organization 
can hardly change and cannot prevent the crack by bending. 

[0033] Temperature of heating is made into 820 degrees C or more for controlling generation of a big and rough ferrite. If a 
big and rough ferrite increases, even if it introduces a bainite texture and martensitic structure by controlled cooling, the 
toughness of a steel bar will fall and prevention of the crack of the steering rack obtained by processing this steel bar will 
become difficult. 840 degrees C or more whenever [ stoving temperature ] is 860 degrees C or more still more preferably 
preferably. In addition, the upper limit of whenever [ stoving temperature ] is usually about 900 degrees C. 
[0034] In controlled cooling, more than 20% (area percentage), preferably, the sum total of the bainite texture in the D/4 
section of a steel bar and martensitic structure needs to carry out more than 35% (area percentage) so that it may 
become more than 50% (area percentage) still more preferably. Although the conditions of such controlled cooling can be 
suitably set up according to the presentation of steel etc., it is desirable to. cool the field of temperature extent of 880- 
300 degrees C (preferably 850-350 degrees C) for example, with the cooling rate of 30-80 degrees C (preferably 40-70 
degrees C/(second))/second. 

[0035] The steel bar with which the bainite texture obtained as mentioned above and martensitic structure were 
introduced carries out tempering processings for 20 or less (preferably 15 or less minutes, still more preferably 10 or less 
minutes) minutes including a temperature up process. Tempering time amount was made into 20 or less minutes for 
reducing a production cost, in addition, tempering time amount — usually — it is 5 minutes or more still more preferably 4 
minutes or more preferably 3 minutes or more. 

[0036] And even if it is annealing of the above short time, while preventing that control the fall of the machinability of a 
steel bar and the effectiveness of a cost cut is offset in this invention, it is important to raise the bending property of a 
steel bar. So. in this invention, ambient temperature of the furnace used for tempering processing is made into 680 
degrees C or more. If temperature of a furnace is made into 680 degrees C or more, even if it is short-time annealing for 
20 or less minutes, the Vickers hardness number of a steel bar can be reduced (being able to make it 305 or less HV), and 
machinability can be raised. In addition, the temperature of said furnace is 700 degrees C or more preferably. The hardness 
of a steel bar can be reduced certainly, for example, it may be able to be made hardness (for example, 200 - 270HV 
extent) comparable as the usual tempering material, so that temperature of a furnace is made high. 

[0037] On the other hand, in order to raise the bending property of a steel bar. the area percentage (B+M percentage) of 
the sum total of the tempering bainite texture of the D/4 section after annealing and tempering martensitic structure 
maintains 20% or more, and needs to control a rebirth of the pearlite organization of the D/4 section below to 50% (area 
percentage) (0% is included). Even if it adds bending to the steering rack obtained cutting and by carrying out induction 
heat treatment in this steel bar by controlling the organization after annealing as mentioned above, propagation of the 
crack generated in the induction hardening section can be stopped by said organization, and the crack of the steering rack 
itself can be prevented. A B+M percentage is 50% or more still more preferably 35% or more preferably. In addition, 
especialty the upper limit of a B+M percentage may not be limited, for example, may be 100%. Moreover, a playback pearlite 
organization is 20% or less still more preferably 30% or less preferably. 

[0038] In order to control the organization after annealing, it is important not to strengthen tempering conditions too much 
within the limits of the above-mentioned tempering conditions (680 degrees C or more, less than 20 minutes). Since it 
becomes easy to reduce the bainite texture and martensitic structure which were introduced by controlled cooling and 
becomes easy to reproduce a pearlite so that tempering conditions are strengthened, it becomes easy for a bending 
property to fall. 

[0039] Although it can set up suitably according to the amount of the bainite texture and martensitic structure which were 
introduced at the time of a presentation and controlled cooling of steel, when tempering time amount is about 3-20 
minutes for example, as for the tempering conditions (temperature, time amount) for controlling the organization after 
annealing, it is desirable [ temperature ] to consider as 800-degree-C or less (preferably 750 degrees C or less) extent. 
[0040] Air cooling of the steel bar annealed as mentioned above is carried out to a room temperature. 
[0041] The steel bar obtained as mentioned above is useful as steel for steering racks. That is, after said steel bar 
performs the further drawing-out processing and further cutting if needed, it forms the tooth form section (rack section) 
by cutting, and is processed into a steering rack by carrying out induction heat treatment (induction hardening). As said 
tooth form section, with a depth of about D/4 tooth form is formed in many cases. Moreover, in said induction heat 
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treatment carry out induction hardening by Mr. Fukashi of D / 4 section extent in many cases, and let hardness of the 
induction hardening section be 600 - 800HV extent in many cases. 

[0042] If the steel bar obtained as mentioned above is used when manufacturing a steering rack as mentioned above, the 
hardness of a steel bar of the front face of the D/4 section is low, for example, since it is 305 or less HV extent the tooth 
form section can be easily formed at the time of said cutting, and — since the induction hardening section (surface 
section) of a steering rack is very hard, if big bending is performed, although it will be easy to generate a crack in the 
induction hardening section — the above, if the steel bar obtained by making it like is used Since a tempering bainite 
texture and tempering martensitic structure remain on the boundary (usually D / near 4 sections) with the part by which 
induction hardening was not carried out to the induction hardening section, it can prevent that the crack of the induction 
hardening section spreads inside, and the crack of the steering rack itself can be prevented. 
[0043] 

[Example] Although an example is given and this invention is explained more concretely hereafter, of course, it is also 
possible for this invention to add and carry out modification suitably [ in the range which does not receive a limit according 
to the following example and may suit before and the after-mentioned meaning ] from the first and each of they is 
included by the technical range of this invention. 

[0044] After making it with rolling a steel bar with a diameter of 30mm using the examples A1-A17 of an experiment, B1 - 
B5, and the steel materials of a C1 predetermined presentation and heating to predetermined temperature, controlled 
cooling was carried out to the room temperature. The conditions of controlled cooling changed and prepared amount of 
water and water-cooled time amount in order to obtain the target steel bar organization. The cooled steel bar was 
annealed by carrying out predetermined time stagnation at the furnace heated to predetermined ambient temperature. The 
steel bar after annealing was cooled radiationally. 

[0045] It gazed at the organization of the D/4 section of the steel bar after hardening, and the organization of the D/4 
section of the steel bar after annealing with the electron microscope, and the Vickers hardness number of the D/4 section 
of the steel bar after annealing was measured. While the steel bar after annealing was furthermore processed into the 
steering rack as follows and the bending test estimated the bending property, the Vickers hardness number of the rack 
section of a steering rack was measured. 

[0046] [Steering rack processing] After carrying out the drawing of the steel bar obtained as mentioned above and making 
it the diameter of 27.5mm, it cut and the tooth form (rack) was formed. The depth of the tooth form is about about D / 4. 
And induction hardening was carried out from the bottom with the effective case depth hardended by carburizing 
treatment in Mr. about 1mm Fukashi. 

[0047] In the three-point bending test with a distance [ between the [bending test] supporting points ] of 400mm, the 
opposite side of the gear tooth of a steering rack was pressed, bending to the include angle of 1 50 degrees was performed, 
and the existence of a crack was judged in accordance with the following criteria. 
[0048] 

(x) — (O)-crack-less : which the crack has spread to the part by which breaks, and exists and induction hardening is not 
carried out only not only in induction hardening section (part from a front face to D / 4 section extent) (from a part 
deeper than the D/4 section to near a core) — the result which has not been spread to near a core even if there is no 
crack completely or there is a crack is shown in Table 2. 
[0049] 
[Table 2] 
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[0050] The example A1 of an experiment - A4 considered the effect of the residence time (tempering time amount) of a 
tempering furnace. Since the B+M percentage of the steel bar after annealing is 20% or more and a playback pearlite 
organization is 50% or less when the residence times are the example A1 of an experiment which is 20 or less minutes - 
A3, the crack of a steering rack does not occur in a bending test. On the other hand, since not only productivity falls, but 
the B+M percentage of the steel bar after annealing disappears completely, will be in the condition of an abbreviation 
normalizing organization and the whole becomes a ferrite + pearlite organization when the residence time is example A4 of 
an experiment which is 30 minutes, a steering rack will break in a bending test. 

[0051] Example A5~Aof experiment 10 are the example which changed the temperature (tempering temperature) of a 
furnace among the tempering conditions (whenever [ coke-oven-temperature ] = 800 degrees C, residence— time = 20 
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minutes) of said example A3 of an experiment. In example A5 of an experiment the hardness after annealing, since the 
temperature of a furnace is too as low as 650 degrees C serves as 310HV, and machinability fells. In example A9-Aof 
experiment 10, since the temperature of a furnace is too as high as 880-930 degrees C, a playback pearlite organization 
will exceed 50%, and a steering rack will break in a bending test On the other hand, in the examples A6-A8 of an 
experiment since temperature of a furnace is made into 680 degrees C or more, while hardness after annealing is made to 
305 or less HV and being able to prevent the fall of machinability, since the temperature of a furnace is raised too much, 
reduction of a B+M percentage and a rebirth of a pearlite organization can be controlled, and it can prevent that a steering 
rack breaks in a bending test In addition, if the residence time is shortened and a rebirth of a pearlite organization is 
controlled even if it is the temperature of said about [ example A9-Aof experiment 10 ] furnace, the crack of a steering 
rack can be prevented. 

[0052] The examples A11-A14 of an experiment considered the effect of the organization after controlled cooling by 
changing the conditions of controlled cooling to said example A1 of an experiment. In the examples A1 1-A12 of an 
experiment since the B+M percentage after controlled cooling is as small as 0 - 15%, a subsequent tempered steel bar will 
also have a small B+M percentage, and a steering rack will break in a bending test. On the other hand, in the examples 
A13-A14 of an experiment, since the B+M percentage was made into 35 - 60% and the subsequent tempered steel bar has 
also controlled reduction of a B+M percentage by controlled cooling, it can prevent that a steering rack breaks in a 
bending test 

[0053] The examples A15-A16 of an experiment considered the effect of whenever [ stoving temperature / at the time of 
hardening ]. In the example A16 of an experiment whenever [ stoving temperature / whose ] is 790 degrees C, although a 
B+M percentage is 30%, since a big and rough ferrite generates at the time of heating, a steering rack will break in a 
bending test On the other hand, in the example A15 of an experiment whenever [ stoving temperature / whose ] is 820 
degrees C, the crack of a steering rack can be prevented as the purpose. 

[0054] The examples B1-B3 of an experiment considered the effect of the amount of C of steel materials. In the example 
B3 of an experiment with as few amounts of C as [ 0.38% ], since a radio-frequency-curing property falls, the hardness of 
the rack section of a steering rack falls and abrasion resistance falls. On the other hand, in the example B1 of an 
experiment whose amount of C is 0.53 - 0.54% - B-2, the steering rack excellent in abrasion resistance can be obtained. 
[0055] Example B4 of an experiment - B5 considered the effect of the amount of Mn of steel materials. Even if the 
amount of Mn performs controlled cooling in 0.01% and little example B4 of an experiment, it is difficult to make a B+M 
percentage into 20% or more, and a steering rack will break in a bending test. On the other hand, in example B5 of an 
experiment whose amount of Mn is 1 .5%, by controlled cooling, a B+M percentage can be easily made 20% or more, and the 
crack of a steering rack can be prevented in a bending test 

[0056] The example C1 of an experiment examined the addition effectiveness of B. Induction hardening nature can be 
raised by adding B. And since a predetermined bending property is not only maintainable, but a B+M percentage is made to 
20% or more and the hardness of a tempered steel bar can be reduced by predetermined annealing even if it adds B, 
machinability is not spoiled. 
[0057] 

[Effect of the Invention] Since according to this invention it is beyond predetermined temperature also as 20 or less 
minutes and tempering temperature is annealed, there is no fear at the sacrifice of machinability, and the production cost 
of a steel bar can be reduced. And since the organization of a steel bar is controlled by said annealing, a bending property 
can be improved, and even if it adds about 150-degree bending to the steering rack obtained by processing this steel bar, 
the crack of a steering rack can be prevented. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is a graph which shows the relation between the temperature of a tempering furnace, and the 
hardness of the steel bar after annealing. 

[Drawing 2] Drawing 2 is the electron microscope photograph of the D/4 section of the steel bar after performing 
annealing for 20 minutes at the temperature of 750 degrees C. 

[Drawing 3] Drawing 3 is the electron microscope photograph of the D/4 section of the steel bar after performing 
hardening / tempering processing (for the temperature of 600 degrees C, and 120 minutes) on condition that the former. 
[Drawing 4] Drawing 4 is an electron microscope photograph in which a playback pearlite organization is shown. 



[Translation done.] 
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??b. am. ^R^p>ss$ns. ?ftfc^*& 
a. wmncfc^maw (???) «««« 

amtt&tfcwi/t^s/c*. »B§i5 (77?) ©&g 

[0004] o^tmiie&Att&fio&gB, -«k 
B. iWtMOfcg, *ftu iaS6oo-cr2B$ 
IBSflttWl/«a*fT5c£«:j:orff-o-c*D. £M 

©KB. *Rl/«NH*SttrSCi*s*jl6h4t>© 

•c. ttjfjgp (77?) ©$8UJrai&aMST ttui>3 
*V >©»*#««* n-ci/* 5. ftte^uaix* 

if^fcftKB. t-7*-XS$r, BM.B3 0 5HVW 

[0 005] 3 * h #0 >©/c<WCffi©#5lf?<b 

4JBRl/tl>5IWt**. «*.»*. »PI¥10-8 1 

8 9 j %&mctm<D&mz, * t-t <j > f ? vt> ft£-s 

Ui^Ati&g£te3ttSSP D Q nKfcC>-t, SRfltCjgAft 
JtftjWBB l/T fc)!fettlflft®»T4£ 0 h C I ft < . ffttf 

te§^r^5^An^KL,^g4 : tast2.i»c. cn 

Ci4SjS4LTl>5. -eLrC©#6WCB. iflB^fli 

^A^Sg[5©ftlf#tt?:K#tSi«(C. ifJg^A 
n«©W»»S4t, gB D D B *S4ritfcit. t/r 
40. 3«±<C-rSC4«:J:-s-C. S**«r*»T^4. 
[0006] 

tt4c«aoTft3n^fe©r-*^T, *©bwb, is^ 

X h 0 ft* ifc&Kiift-tffinS ^ f7'J>^ 
7 9 *4Sii£T*©KWfflft*:r7 y ^ ^fflfflR 

[0007] 

[«iB*W»t*A:a>©*a] wlB<g3 



(3) 
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* NMHKrJtSWSfcft. *&*S3£Eli ■ &Att t 
». *«WI*S:6 8 0 , C6LhK:rna3ftRb«nil*« 

■win (2 o&«t> ki/c*>. ®mmx-siw£imic& 

T («*.«. 3 0 5HV«T8«*-C) W$<HBWC* 
NefKXflKMniffiADL. &AftB#fcilHJ®)#£P 

«^ihr2 0% (saina*) G(±*Ai/r*< t« 

K. IMB&l$n©ftKl/©IB<C. SKI/'*-**-/ 



RCflftRL-vji/fcviM hffl*SI©£gt©ES#2 0%£ 

n/cii mm) *. mm • w«««A*ibr x^r y > 20 

^*«Jtl/fc6tf. 15.0Vgfl[©fi«) 
rAt&fttf^tfoTi, X?-7y>^7 ?*©&«& 
K»l*8hfc*Wai\*l«K»fW;#A5t©©. « 

&$B©«>e>&3D/4 (Di*J»M©itS& 
SVJ-) 61T, «IB*SD/4©»»*|l{CD/ 

4Kjhr#6Ci*«jaiyfc. 30 
[0 00 8] UhOCtiT—it Vcm-l^XWfflHi 
i, TK©jI9tC&S. 

[000 9] 1 ) ^Ufinittccou-r . 

B 1 «#?iSiIg££s!>r 2 0 ^n4M«RR UT S £ * 
©«s©HflCi «R Oft©**© D / 4 SP©tI S £ ©M& * 

S1 



• *^-r^77-c*o. 02 jag7 5 0*C-C2 0aiW 
©&£ b *<f -5 /<:&© D/ 4 gpom^Pa^^S-C* 
0. H3tt. fi£3fe©^fr-C«A*i • jKRLJffla (S&6 

0 0 -C, 1 2 0 #n ) «rff -> /c&© D / 4 S©«?Mlk 
£9JtC6*. HI «fc9W6*»&J:5{c. ffiKLBM* 
2 0««UC®Bl/-Ct. 6 8 0 •CfeLhK'Ttl 
Ht. *MB©aS*3 0 5HVWTatt«:-r4Ci*«r 
*. ^ttItt©<5T«:Iftjh-C*4. &B»|IB©ftKt,-C 

M«H©ws*ffi*-c*a©a:. ^©sg*i±*ssfc 

itftiSMStlT^ZtclbttmZtM, (02, E3# 
IB) . 

[0010] 2 ) fltf1$ttK-H»T 
flltfWtttt. «Rl/ft©»«l (il&3 0mm) *»g2 
7. 5mmfc9l!ft*lnibfca. fflSMPIfcttU 

WKB (3t,^S§gt4 0 0 mm) fc«t -rffKDKttll* 
«E0. AK1 5 0' ©fttf*m>. «MVD«*€:B« 

■ctoRLfc. acfccowR-r runwo <te*i*. 

xep-cate) J £tt> iSE!i®iAftgB (£IB©*®*>6 

D/4«jaa'*-c©»») ©*&6-s*. femmtxtiz 

iXXW^&M&X ( D/48IU: *) bM^fflMPhcp'b 
DfiO (TffiSU*. OEPf*l5> J £tt. tc£(c*Wi*J 
l>C£££l)*f ai(C. ARUtt©WR©D/4 8K 

©*&*&£. c©«^8*>6^e>ns^f-.7';>^7-vf© 

fttfl«KiSai©H^4^-r. ttfclWEWPH 1 1 0 - 8 

1 8 9*&«{cEtt©£fc«:fie->T. «Ati*RL4* 

Tfci5i«l«:ttif^*tf-3/c„ c©tt*<>ttttr«.i «c 

[00 11] 

win 



No. 












1 




20% 


0% 


o 


2 


0% 


0% 


X 


3 


35% 


0% 


o 


4 


60% 


0% 


o 


5 


35% 


25% 


o • 


6 


35% 


50% 


o 


7 


35% 


60% 


X 


8 




o% 




X 



[00 1 2] mi J:9W6*»ft<fc5«:. D/4SP©j^R («T. B+MH»*i*Kt4«^*J* 

i/^-f^-f HiitiftRi/vjuf hffi^i©^it© so 4) ^o%r*ti«X7 ! -7y>^7'yi'*5fi!nrL/*^ 



5 • 

©(Cftl/T (No. 2), B+MSfl^#2 0%liL±V 

fc*. X7 i 7 l J>^7--'i'g{$<Dfiin?:PMrtS (N 

0. 1, 3~6). «fcii(,/cJ:H. S^ill 

Sijffll^atCckoT^-ft-C h rt-f >1M h 

t*oTfc. im©£jg£WJ?*$wrce>»&frtt 10 

[0013] $6tcSB#f B mB?b^g-cii; 

tcJ: X«&MUB#ffl£2 0#J:9fe;?6{cjS<t-<5 
CiKJrD. hilifl&©lf££}f|iflHj7#S) . H 

v 4 Y Wmm& < SM4 tcS L ivfc©, 5 0 % 

<B8IS»*) /c£;tB+M5#^*2 0 

%«±tc 0-Ct3flJ»ftfttf*Mt ) S:«ff-C«f ttl* (« 1 © 
N o . 7 ) . • 20 

[0014] «4a?MtftM3J(«:i}l>-C. B£><~5 
4 Yffl&> ttRO'MtM h Lvjl^lf 
4 htttt«. £lT©£9Cci/CHH(/-a.»S. B4». 

a Ymi)Wf&2fttcw®<D-mz7n?%* 
«r». h©?>?HUfePftK3tvci>&i.» 

©«, 9fii*m (iSg) «Rb«F«:4i;fc5j— h 

-54 nam (^mtix^m^-v4 missd «. 

[00 15] i?c7*y4 7 4 MB® (.7* 

y-m) IM<OMRbMUZME:L'<4±4 h$M& 

"T 5 Ci«E»-C* 5fe©©. 7x7 4 hR&'i— 54 

bim (? m<mmLmvmmznm 40 

[0016] «±©J:^«C»imKS-5l.»T!i 

woftifWtttcfftifc^f 7 <) >?7 -j t>mmt\t, 

C: 0. 4 0-0. 6 0% (f?S%£;glSfcf S. OTIS] 
D) , Si : 0. 0 5-0. 5 0%, Mn : 0. 0 5-. 

1. 50%, £tfS:0. 00 4-0. 1 0 0%££* 
U HK{te©7c£il,T, Cr : 1. 5%fe(T(0%£ 
£*■$*) , Al : 0. 0005-0. 1.0%, RO'N : 

0. 0 0 2-0. 0 2 0%l:t)rj:Z>mtr>Z>mmtiZ'J> 50 
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* < £ b 1 «©7C**2W U gSBtt F e StJq^iiW 

Kiot, &8©SIEj&>*>&3 D/4 (Ditm<DS.m 
imt) ©g|5#©£Ati • &Rlsig|fttf . Tie 1 ) RV 

2) ozsicm&ztixuzgxmgz^tzbox-b 

[00 17] 1 ) &mb'<4t4 YimtmgkLvA,? 

>?4 hmms&#v2 o-i o 0% (asma*) 
2) m*i#o~5o% mumam 

fftilZ7'T>)>if7vi>Rim*. HfcB:0. 0 00 5 
-0. 0.0 2 0%*, #i4"CX«Ti : 0. 00 5- 
0. 050%i^(C, ^LX^XbX^K 

[0018] *tc*§m<cmzMi&&t l c&htcZT7 
v>?7vtm®<Dm&fimtte. c-.o. 40-0. 
6 0% (MtK****s. otisjo) . S i : 0. 0 

5-0. 50%, Mn : 0. 05-1. 5 0%, SO' 
S:0. 0 0 4-0. 1 0 0%£§WU M«:ffc©7c3t 
ilt, Cr : 1. 5%feTF (0%£££"f) . A 1 : 
0. 00 0 5-0. 1 0%, RO'N. 0. 0 0 2-0. 
02 0%<fc9&*gtf>>6j!§tR3tt*4>&< lb 1®©7C 
*4*»l/. »»BFeRCJCF5IjiflyF«»*>6flc*ll 
W4EBU *6tiS*M4fflt8 2 0 •CWJrJCflD& 
L , X&K. XS.m £ X-mWfttS Uc&. fi£ 6 8 0 'Cfci 

±.®nmni&fcicfim i/cfKAn-c 2 0 atrowf * 

«®«ffi*>i5*3D/4 (D«#»©Katwr) ©» 

^*5^lfC 2 0-1 00% ift&J^tc 
t, 7-Y hffi^O-5 0% 

*) 4JiSJ:^{c-rs,^«cSg4W-rsfc©t?*-5. 
[0019] ftlJjaT^WWBMItctelJ-CB. fflSl r^A 

[0 02 0] 

[HW©Hft©^] *f6WfW; C : 0. 4 0-0. 
6 0% (ntL%zma?z, WTISIG) , S i ; 0. 0 
5-0. 50%, Mn :0. 05-1. 50%, RJ/ 
S : 0. 0 0 4-0. 1 0 0%££WU StCfte©7C^ 
il/t, Cr: 1 . 5%tTF (0%4S$T) . A 1 : 
0. 000 5-0. 1 0%, RtfN:0. 0 0 2-0. 
0 2 0»J:r)ttl.»36»6a»?S*ia^«c< ifeia©7C 

ttfc8WIJ»Fe&0f^iBflW*B!ft-C*a. ±IB^© 

[0 0 2 1 ] C©£WS£0. 4 0%^±4TS©». 

^5 f©(ft?fJg|3 ( 7 9 *«) ©W^tttt^r^ASfc* 
T&£, »* l/l>C ©d«»tt, 0. 4 5%)y±. 1$(c 
0. 4 8%feO:-C*5. tctcbC<D$mm&&iBi$?> 



Watt. 0. 6 0%WT> *f£L<«0. 5 5%fcTF. 
dftJC*f*KB0. 5 3Jfi«TKti. 

[0 02 2] Si©£*a£0. 0 5%W±<!:t5© 
tt. ttW©IBK*fT5&«>'e*4. »*U»S i©^W 
Stt, 0. 15%W±. tfKO. 2 096fcLk"C*5. fc' 
/cUS i ©££a*«£iMfi£. £ 
»JfctS&©^glJJtaItt#ffiTtS. *<DtcibS i©£ 
WStt. 0. 50%OT. HSKttO. 35%WT. 
3<E>(cji?$L<B0. 3 0%t<T«cr5. 

10 0 2 3 J Mn<DSWS*0. 0 5%JU±£t3© 
tt, *W<05!iK?:W«>afc«>AiWCft<. «A*itt*« 

£/c»rfe£. *?*U>Mn©$WStt. 0. 7 0%fct 
±, ftKO. 8 0%JEi±-C*^ o fc/aMnfflMl* 

5. *©fc»Mn©£#att.- 1. 5 0%«T. 
<B1. 3 0%«T. 3 6«:j!?*0<ttl. 2 0%Ji(T 

[002 4] S©£Wa£0. 0 0 4%kLk£t-S© 
tt. fite&SP *»fiS-rSK©ttlBiJJPXtt?rJg 
#£fcif>-e<fc£. W>S©£Watt. 0. 040% 
feLL #«:0. 0 5 0%jy±T&-5. fc/cOS©gWS 
^iatfSi, $gtf£*7"7l>>^7??K:2raiU<:£ 
*©*tfl*tt*MSTr&. *©fc»s©a**«. o. 

1 00%OT. W$L<tt0. 0 8 0%WT. 
$0<tt0. 0 7 0%fctTCCt£. 

[0 02 5] Cr*£WSt!-£©tt. *AftttltLb©fc 

Cr©^Wa©TPg«^c|SS3^^l^, 
{«J*.tt. 0. 05%*IK. JfJiKttO. 1 0%«g, 
3 KttO. 1 5%HfiT*S. mCrO 

*&a#£a«f4t. m^MJiB#{cj^i!in^Da 

< ttS. ■ *©fc&C r ©^WStt. Willi. 1 . 5 
T. HSEKttl. OKfilT. 3&{c»Sl,<ttO. 5 

o%OT«ct*. 

[0 02 6] A 1 •£*©«. N£*g£LTA 1 

i-4 mZffl&ittZtclbV&Z. A 1©^WSB. '« 
*tt\ 0. 000 5%ULL. tfSKttO. 0 1056K 
_t 3 6«Cj?*b<B0. 0 2 0%^±-C*5„ fcftU 

a i ©&wa**< uasfrfe-t^a^ttwrs. ^e- 
©/t*A i ©&#att. o. io%ot, »* 

KttO. 050%tlT> ?6tcWSL/< ttO. 040 
^OTlct*. 

[0 02 7] N€rS#S#S©«. A 1 tfe^bXA 1 

«. 0. 0 0 2 %£i_h. SfgSO<«0. 0 0 3%fei±. 
36(C#*O<tt0. 0 0 4%jy±rfcS. fc/cLN© 
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N©SWfitt. fl*.tf. 0. 0 2 0%OT. &?£U<tt 
0. OlO^JitT, 3 6<c»*0<ttO. 0 0 7%WT 
KtS. 

[0 02 8] m®ffltt\ it, g&CB : 0. 0005- 

0. 00 2 0%?:. #i4TXBT i : 0. 0 0 5-0. 
0 5 0%t«tC. ^f{/tlf>TtJ:l» (WT. ®ti2t 
9ft . 

[0 02 9] B*^W$tf£©B. AJB&ftAfttt£X 
10 *Sfc»-C*i. B©^fSB. Wxtt. 0. 0005 
»*l,<ttO. 00 10WXL 

<bo. oo i 5%ti±r$)S„ tctcb Bosmmzz 

B. WAti. 0. 00 20%KTF. Sf*L/<«0. 00 

[0 03 0] T i £B£fiffflt-5©B> ®<P<Dti tt&V 
Ol>TT i N4^J$tSC£KJ:-3TBN©£fiX&»*!l 

u BKj:swjaiS«iAni4iSijja**»fBrifc»'c 

Ti ©SWStt. fJ*tt\ 0. 0 0 2%J£LL S? 
20 *0<B0. 0 1 5%tUL <*6«:J?3»b<B0. 0 2 

o%tik-c*a. wc*n i©a*a**< L/jara 

1 . xf*7 ')>■?? v txDom^m&mmTtz. 

-e©fcsbT i ©S*at*, Willi 0. 0 5 0%fe(T. 
ff*t<B0. 040%JUT. ZblClift U<«0. 0 
• 3 5%li(T(C-r5. 

[0 03 1] *SBJ-cBBUSESStt 1 - 2 £Ei2T 5 C i 

tST5i> iim. 2 0~4 0mmgg. »*U<»2 3 
30 ~3 8mmgj£. 3 6tcjf * t < «2 5~3 5 mmSS 

[0 03 2] ®httfdm\t. 8 2 0 'CW±fcM 

tit*. c©«Atiafw:«fcri"c. mm^^tAvm. 

AL-rte<i. ^©^R^S©^ff?rjS^«:$lJ8Pt 

40 j'(cttib/c4#©ficf#tt i &K*?>c£*sr-t5. ft 
*$7 * 5 ^ h i /<— 7 ^ h /cw ©ffl»©iH%«i? b b r 

[0033] »©fiS* 820 'CfiLhi t S©B. ffl 

7x7-/ H*$#<ncS<b > HBBWJKCio-CC-ft^h 
hiStt£i£AL-r4>. MRCDim^ 
ftTlz-CLrii,*. C©^€rJraitSc£tcJ:oT#6 

50 Mffifttt. »* b < « 8 4 0 *C«±. 3 6 JC» S U < B 



(6) 

9 

8 6o-cJW±-c4>5. &fefflRaut0±Ra. a*. 9 

[0034] W9&3TCB. wm<DD/4 gp-c©-^ t 
4 vwmBtxrrkr>vA h&tt©&tt*2 o% mm 
mm 6ll $?* o < » 3 5 % cmsftm bll. 

0~300'C (Jf$L-<«8 5 0~3 5 0'C) gg©$ 
W&. ^*PjIS3 0-8 0'C/# (»*Ktt40~7 10 

o -c/#) &©# as u». 

[0 03 5] Jia^^CbTff^ft/c^-f:^ hg& 
S»T 2 0 »«T ( ff * 0 < B 1 5 »«T. S 6 «C|fr * 
2 0#JrF£Uc©B. t-£t£il£-f Sfc©-e& 

s. Ki<stmi>tifmz. mn, 3#ti±. j?$l<b4 

[0 0 3 6 ]* U-C*«WtSi. WE© J: 9 MfiBffll© 

RSbT*or«). #ai©«i»UJ&u:tt©ffiT shm 20 

wc«. mmu!i!m<<cm?2>&<D%w$*.m&Z6 8 0 
•c«±(c l/Ti>s. £5©?gg* 6 8 0 *cfcl±«:-rti«. 
2oa#T©SKMM§Ri/c*oT4>. aa«©K!»*- 

*W3*ffi*T* (WAtf. 3 0 5HVttTK-T*Ci 
. WWJJ)IIItt4i*«>*Ci*»r*4. &*f«riB 
^©?ISB. t?*b<B7 0 0'Cti±-C*S. «*©£& 
*K<tSS. *l»©WS*MJIK:ffi*C*. «*.«. 
iWI«0«Rb**i|BI8fll[©W3 (W*tf. 2 0 0~2 7 30 

[ 0 0 3 7 ] *M©fttf tttt£.ft©&fctttCB. 

■?;U-f>-*M KifflSa©^lt©®aW^ <B+MW# 
*> *J2 0«6Lh*HJW4J:9tci/. *^D/4gp© 

hii«i©s4*5 o% (Bffls^*) (o 

B©«fc 5 C4«: J: r>T. C©*«*«JPW-J» 

Sigf^affi-r 5 1 i tC «k n> rff 6 ft S * 7" 7 'J>«? 

*(cfltf4jiQ*.-c4> > K^aasiAtisiJ{c»4-r4*m© 40 
ysfvvtmomtiz^vzz. B + MW»*B, 

ff * L < « 3 5 X6Lb. 3 &*c» * t < « 5 0 %w±r 

B. 1 0 0%-C*-sT*><fcC». hffi» 
B, if £ b < B 3 0 %U(T. 3 6KSf * U < (3:2 0 
TC**. 

[0038] mmL'&mmzmtztcibictt, ±te 

^RO&fr (6 8 0'CJilL 2 0£«fl) ©I5HF*9-C, 
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fro*- 7 h *W4t-f>-r < fcSfcA. AtfNftttfffi 

[0039] j&mL'ikofciSizmmztcitommbfk 

fl= BUB) B. M©fltt*M0&jroicSA3ti 
tc<4i-4 HMWv^f >1M HS«S©a{ctEDT® 
.ffl«rc*S#\ mil «WU*«#3~2 0aSl* 
©«£. MSB 8 0 0 (»*(/< B750"C« 

t) u». 

[0040] «±©* 5Kl/r«Rl/ L/cftSiB. Si§ 
[0 0 4 1 ] ±m>& ? )K.l,X%t>iXtd&m\t, 

?%mtox%mx<hz. tttt>*mmm 

B. M&tf. s^«:i&0TS&&*5liHJQI^«*to 

aaMBfctt. D/4apaa©»3*-cjMBiiaKAn-r 

iCi*»|K. KHtt«AtiaiJ©WS«6 0 0~8 0 0 
HVggir5Ci*J^C». 
[0042] iEOi^Klt^fT^^? 

t. «W«D/4»©affl©W3#ft<. «/lB. 3 0 

5 h vwrsg-r* msi®mmxmt®%<tc a 

J:9K0r»6*i&WmrfflC»nB. WJB««AnWi 
*!9iS8RAnS*x<c*>ofc»»i©«» (»«. D/4 

[0043] 

wmth *m a 1 4 J: o Tiensiwioc <t t cte 
*«»4t©-cBtt< . n ■ mwmmmsbm 6m 

[0044] HiWJA 1 -A 1 7 , B 1 ~B 5 . SC>'C 
1 • 

mfe<mi$,<D®ttZm>X , E«KJ:^ritS3 0mm 

©*HB«:t/fca. §f^©ss«:ML//di. m&zxm 

B. ffS©^HmSKtC»nf!U/c^C^B#P^§3^ 
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fc. 

[004 5] «Ah»©»8l©D/4aU©ffl«. SCf« 
* fc«IR U »© WHO D / 4 a© t » * - ^ « 3 %me 

TifffiT *T7'J>^7??©5> v?Sfi©b* 

[004 6 ] [^f-7V>y*9 *imi] ±K©«fc5«: 

LT£6ftfc&ffl*3lt££i»Ily-Citg2 7. 5mmfc 10 
3ttiftD/4!IgT*&.&„ *0TrffiJg*>6iftl mmga 

[0047] t mmm erases 4 o o mm©3 a 
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ftEbTftfil 5 0' *T©fltf*m>. TKSWKgf 
-3-CS)ft©*fite£fl»rUc. 
[0048] • 

(x) mm<o :nm&&\ti& D/4Sug 

m^tv (D/48PJ:0fe^»8i57>*>64»'C'8mifi* 

■c) tMuwau/a** 

(O) IWi&b : fc£fc»ft#ttt»*»X»fltia«*oT 

[0049] 
t&2] 
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